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The current irrigation system at Taman Tanaman Dapur that used by the Faculty of Bioresources and Food 
Industry (FBIM) is operated manually, and the water source is directly from Syarikat Air Terengganu (SATU). 
The cost incurred to maintain the current system is expensive therefore, the UniSZA fund for maintenance 
purpose. By observing these factors, there is an opportunity to improve the irrigation system by utilising the 
available natural resources in the form of sun and rain, respectively, as a source of energy and water. Thus, the 
objectives of this project are to design and validate the prototype of rainwater harvesting and solar irrigation 
system for small scale farm use. By utilising the prototype, it is possible to take advantage of the available natural 
resources resulting in a technological advancement that optimises the energy usage producing a cost-effective, 
efficient irrigation system. The prototype design was carried out using a two-dimensional computer-aided design 
software, AutoCAD. Furthermore, the prototype development was carried out and validated with several 
readily-available types of equipment in the laboratory as well as equipment that could be obtained by local 
farmers or individuals. As a result, after going through phases of prototype creations, from the proof of concept, 
through mock-up testing, and pre-production, it has been well-function as designated.  The value of Gross 
Irrigation Requirement (GIR) for this study was 308.22 mm/month while the minimum requirement of power 
production from the solar panel output was 0.552 kWh. More improvement can be made for further 
development of the prototype by integrating with other technologies such as attach it with moisture sensor and 
timer for the optimum condition. 
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Faculty of Bioresources and Food Industry (FBIM) has operated their own an Automatic Weather Station 
(AWS) that performed the meteorological data. It is managed to obtain an information regarding the weather 
and climate of the area. Thus, the solar radiation data was obtained in this study and important parameter to 
fulfil the process of solar irrigation system. However, the method of current irrigation system used was 
conventional and not water consumption, where manual operation was needed to operate the system. Thus, the 
irrigation management is deficient with a high chance of water loss every time. Moreover, the cost of the 
irrigation is high due to the source of water directly from Syarikat Air Terengganu (SATU). Many of the 
developments focused on large scale farm or operation where the focus should be broadened by including the 
development of small scale farm. The estimation of maximum area for the intended small-scale farm was 
depending on the water pressure and the selection of irrigation system. For this study, the area was covered up 
to 900 square feet. This prototype was developed to help the community that owned their small farm to gain 
their income of food and income, which on the contrary, the method used is conventional which does not gives 
high yield and productivity. It also could help the socio-economic status of the small scale farmers indirectly 
besides increasing the economic revenue of the area and the country as well.  
  
The concept of this project was to use the natural resources, such as the water from rainfall and solar from the 
sun; hence, developing an efficient prototype of irrigation system that could be used in a small-scale farm, be 
used in large-scale farm and commercially respectively soon. This was portrayed by Yusop and Syafiuddin 
(2018), and Ogale (2019) where the rainwater may be used as an alternative for daily usage and irrigation. For 
the use of solar, Ososanya (2015) and Murtaza et al. (2017) quoted that solar energy is the most abundant source 
of energy and the best solution to the world’s energy crisis. This prototype could significantly reduce the 
operational cost and water consumption while having an efficient irrigation system. The system could be 
managed easily without high labour inputs and increasing the productivity of the crop growth as well. Through 
this project, all the available natural resources, which are the rain and sunlight would be fully utilised. This 
prototype would directly optimise energy usage, resulting in an efficient irrigation system, as Shinde and Wandre 
(2015) stated, which could be further developed as this prototype would be functional.  
 
 
MATERIALS AND METHODS 
 
Study area (presenting concept and idea) 
 
Taman Tanaman Dapur in Faculty of Bioresources and Food Industry (FBIM)'s is located between the Tutorial 
and Lecture Block was chosen as the study area. This area was selected due to the conventional method applied 
for the irrigation system while incorporating the high-density rainfall and sunlight that could be fully utilised in 









Prototype is an early stage representation of a final product, as quoted by Ward (2015) and supported by Lauff 
and Kotys-Schwartz in 2018, where the prototype is an essential step of visualising an idea and representing the 
ideas for a better understanding. The prototype can be divided into three types which functions differently, 
which are the proof of concept prototype, mock-up prototypes, and pre-production prototype. This can be seen 
in this project from designing, development, and field test.   
 
Prototype design from AutoCAD software (making ideas tangible) 
 
The AutoCAD software was chosen before the designing process of the prototype could be started. After 
choosing the suitable software to be used, we had learned the basics of creating a two-dimensional design to 
start working on the prototype design. 
 
Development of prototype (working samples of idea in the field) 
 
After the designing process, the development of the prototype was carried out. Firstly, the development process 
starts with the proof of concept of the irrigation and the power needed to supply the water to the crops, followed 
by a mock-up prototype to test the functionality of the prototype, and finally proceeding to the pre-production 
phase. 
 
Calculations (pilot project, demonstration and trial) 
 
The calculation for the prototype development required for irrigation and electrical system that are needed to 
ensure a sufficient amount of water and electrical supply that will be applied to the crops to create an efficient 
irrigation system. The required calculation are the gross irrigation requirement (GIR), obtained from Lecture 






Irrigation water needs, IN 
 
IN = ET Crop – Pe                                                           Eqn. 1 
 
Where;  ET crop = water requirements of crops 
 Pe  = effective rainfall of crop (mm/month) 
 Pe  = 0.8P – 25 (if P is greater than 75 mm/month) 
 Pe  = 0.6P – 10 (if P is lower than 75mm/month) 
 P  = rainfall (mm/month) 
 
Gross Irrigation Requirement, GIR 
 
GIR = IN/IE                                                             Eqn. 2 
 
Where, IE = Irrigation Efficiency 
 
Power produced (solar panel output) 
 




Appliance Power Input x Working Hours                                           Eqn. 4 
 
Prototype testing and validation (decisions for practice, behaviour, regulation, policy and technology) 
 
This method was the last method for this project to ensure that the prototype could be operated as designed by 
testing the prototype in the study area, which will be validated by the function of the irrigation system, especially 
the irrigation application of the water supply to the crops. 
 
 
RESULTS AND DISCUSSION 
 
Prototype design process 
 
The designing of the prototype was done in AutoCAD software that is generally used in AutoCAD software. 
Before the prototype was proceeded to the designing process using the software, the plan was sketched on a 
piece of blank paper while measuring the site and parts of equipment used for the detailed design of the 
prototype. 
 
The positioning of the solar panel was necessary as the site has many buildings surrounding the green crops. 
There were only two options available for the positioning of the solar panel, either behind the auditorium block, 
which will have limited sunlight, due to the earth rotation or on the rooftop of the lift, which is the highest 
point of the building and will obtain most of the sunlight available. The distance between the solar panel to the 
controller was considered, as the resistance of the wire increases with length. Thus, the first suggestion of the 
rooftop was chosen due to the distance of the wire down to the controller is much shorter in length, while the 
cable is longer from behind the auditorium block. The process of finishing the wiring connection is much neater, 
cleaner, and easier to assemble. 
 
Fig. 2 (a) – (d) shows the prototype design and the plot from AutoCAD where the design shows the positioning 



















Fig. 2(d). The bird's eye view of the plot with the exact measurements of the components from AutoCAD 
  
Fig. 3 (a) and (b), on the other hand, show the flow of water and electricity respectively. The advantage of roof 
design of the building, flat roof, has a considerable high water catchment area compared to other roofing 
systems. With the pre-installed drainage system, which output to the agriculture plot has high water loss, it will 
be connected to another grain gutter that leads to the water tank. Hence, the rainwater harvesting system was 
established, which supported with high rain density in the study area proven with the data collected by the AWS. 
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The water outlet from the water tank will be pumped and distributed to the sprinkler system to shower the 
crops when needed. 
 
 
Fig. 3(a). Water flow of the Rainwater Harvesting System from the flat roof of the building flowing down through 
the gutter. 
 
The electrical flow of the solar irrigation system converts the sunlight to electrical power that will be connected 
to the wires to the electrical components, and finally, connected to the pump to operate.  In the electrical 
component, the current flows through the solar charge controller, which will then be connected to the battery, 
flowing to the power inverter, which will then convert direct current (DC) from the solar panels to alternate 
current (AC) where the pump will be connected and use the AC type of electrical power to operate. The pump 
will suck the water from the water tank and distribute it to the sprinkler system that will provide adequate water 





Fig. 3(b). The electrical flow of the Solar Irrigation System from the solar panel on the roof of the building to the 
electrical components 
 
The calculations of the prototype will be as follows: 
  
Irrigation water needs, IN 
 
Since the average rainfall per month is 224.62 mm/month, which was obtained from FBIM's Automatic 
Weather Station, and the average Evapotranspiration, ET of crop in the study area is 500 mm/month, 
 
IN = ET crop – Pe 
 = 500 – (0.8 (224.62) – 25) 
 = 277.4 mm/month 
  
Gross Irrigation Requirement, GIR 
 
GIR = IN/IE  
 
Where, irrigation efficiency of sprinkler = 90% 
 
Thus, GIR = 277.4/0.9 









Power produced (solar panel output) 
 
Solar panel watt x average hours of sunlight x default solar efficiency  
= 87W x 8 hours x 75% 
= 552 daily watt-hours. 




Appliance power input x working hours 
= 65W x 0.5 hours 
= 32.5W per day (24 hours) 





Prototype development was done after the designing process. Validation of the prototype needs to be run to 
ensure the prototype was well-function, therefore it could obtained its operating system’s efficiency. In this 
study, the validation was tested in the mock-up type of prototype by assembling all the components to ensure 
that the prototype will be able to operate as calculated. The calculation was done to ensure that the output of 
the power will be able to cater to the energy needed by the pump. The production of 13V from the solar charge 
controller obtained the output of Alternate Current (AC) of 220-240 V, with 1200 Watt (W) produced by the 
power inverter. The power should be enough for at least to supply a minimum power of 750 W pump. 
Previously, the problem occurred where the fluctuations of the power output from the solar charge controller 
to the power inverter, causing the production of the power inverter to act the same way, which unable to provide 
consistent power to operate the water pump. 
 
Another test was done to observe if the fluctuated power could provide enough power a low 85 W pump 
operation and the outcome was the same as the high-powered of 750 W pump. The connection of the system 
was checked thoroughly for a few times, but there were no faults to the system. The battery was upgraded from 
a motorcycle battery to a car battery. The battery is essential to store the power needed to be used later on 
according to the time required to operate the pump. After some adjustments were made, the connection was 
also changed slightly, rather than connecting the inverter from the solar charge controller; it was connected 
directly from the battery. The result obtained from the changes was just expected to operate as designed. But 
after the pandemic of Covid-19, for three months, the prototype was left unchecked and maintained. Thus, the 
efficiency of the solar panels and the batteries for the prototype was struggling to operate well after three 
months. After reconnecting the components, the mock-up prototype was running as expected as well.  
   
 
Fig. 4. The last stage of installation of the solar panels  
 
The pre-development prototype stage was then proceed by installing the solar panels on the rooftop and 
connecting the system to the pre-installed sprinkler system on the field. After a few tests, the prototype was 
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recorded working well with operation hours for more than 30 minutes. The challenges during the prototype 
installation were installing the solar panels on the rooftop as the access to the roof was quite hard. Two-person 
is needed at least for the installation process to ensure safety during the installation. Fig. 4 shows the materials 
used for the installation process, where the length of the wire and pipe was pre-cut before bringing the materials 
to the rooftop to ease the installation process. Fig. 4 shows the last stage of installation of the solar panels on 





Based on the project that had been carried out, the designing of the prototype was created based on the site of 
the location used and optimising the condition and building structure of the site. The prototype type can be 
classified as rapid and development prototype which is a simple working model of the system constructed to 
visually show the users what their requirements may look like when they are implemented into a finished system. 
The development of the prototype was successful as the system was operating well, where the validation of the 
prototype was carried out to ensure that the prototype would work as projected. Even though, the outcome was 
different comparing the practically testing out the system than theoretically during the planning of the prototype. 
The recommendation for system improvement is by adding more components that could even improve the 
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